Background. Service models for gastrointestinal endoscopy sedation must be safe, as endoscopy is the most common procedure performed under sedation in many countries. The aim of this prospective cohort study was to determine the patient risk profile, and incidence of and risk factors for significant unplanned events, in adult patients presenting for gastrointestinal endoscopy in a group of university-affiliated hospitals where most sedation is managed by anaesthetists. Methods. Patients aged !18 yr presenting for elective and emergency gastrointestinal endoscopy under anaesthetistmanaged sedation at nine hospitals affiliated with the University of Melbourne, Australia, were included. Outcomes included significant airway obstruction, hypoxia, hypotension and bradycardia; unplanned tracheal intubation; abandoned procedure; advanced life support; prolonged post-procedure stay; unplanned over-night admission and 30-day mortality. Results. 2,132 patients were included. Fifty percent of patients were aged >60 yr, 50% had a BMI >27 kg m
Service models for gastrointestinal endoscopy sedation must be safe, as endoscopy is the most common medical procedure performed under sedation in many countries. A high quality service also ensures flexibility, rapid turnover and discharge, and high endoscopist and patient satisfaction. Sedation for endoscopy is provided by a variety of practitioners, depending on medical, organisational and financial factors, and the safety of some of these practices has been assessed. [1] [2] [3] In public hospitals in Australia nearly all endoscopy patients are managed by anaesthetists and their supervised trainees, regardless of patient risk, type of procedure or planned depth of sedation. This is consistent with the increasing involvement of anaesthesia providers in endoscopy services around the world. 4 This provides an opportunity to assess outcomes when the anaesthetists' workload is largely unselected. The aims of this prospective cohort study were to determine the patient risk profile, the incidence of significant unplanned events and the risk factors for significant unplanned events in adult patients presenting for elective and emergency gastrointestinal endoscopy in a group of public hospitals, where most patients are managed by anaesthetists and their supervised trainees. Our hypotheses were that >20% of patients would be ASA physical status III-V, a number of significant unplanned events would occur with frequencies of greater than 0.1%; and ASA physical status III-V patients would have more significant unplanned events than ASA physical status I-II patients.
Methods
We conducted a multi-centred prospective cohort study in the nine public hospitals affiliated with the University of Melbourne, that provide gastrointestinal endoscopy services for adult patients. These hospitals are located in major city (n ¼ 6) and inner regional areas (n ¼ 3) of Victoria, Australia, 5 and include three principal referral hospitals (including one statewide trauma centre), five acute hospitals, and one specialist cancer hospital. 6 These hospitals recorded 426,098 admission episodes in 2015 (25% of the state total).
7
All participating hospitals provide elective and 24-h, sevenday emergency gastrointestinal endoscopy services, with procedures performed by gastroenterologists, surgeons, their supervised trainees and nurse endoscopists. In seven hospitals all patients (including those who receive no sedation) are managed by anaesthetists and their supervised trainees regardless of patient risk, type of procedure or planned depth of sedation (that is, the patients are unselected). In one hospital patients are triaged to endoscopist-or anaesthetist-sedation based on risk (69 patients triaged to endoscopist [36%] and 193 triaged to anaesthetist [64%] during study period]) and in one hospital elective oesophagogastroduodenoscopy (OGD) patients are scheduled on endoscopist-sedation lists (51 patients triaged to endoscopist [18%] and 283 triaged to anaesthestist [82%] during study period). In all hospitals all emergency patients are managed by anaesthetists. Anaesthetists in University of Melbourne-affiliated hospitals work on a salaried rather than fee-for-service basis.
The study was prospectively approved under the quality assurance and negligible risk research process at The Royal Melbourne Hospital (QA2014186; 16 December 2104). Subsequently each hospital gained approval under its memorandum of understanding with The Royal Melbourne Hospital or under its own quality assurance and negligible risk research process. Patient consent was waived at all hospitals.
Time-frame
Each hospital recruited patients over a 28-day period between February and August 2015. Because of the number of holidays during this period, 20 consecutive weekdays that were not holidays and 8 consecutive weekend days, regardless of whether they were holidays or not, were included at each hospital. The 28-day sampling frame was based on an a priori sample size calculation (see below).
Eligibility
Patients were included if they were aged !18 yr and were presenting for elective or emergency endoscopy under sedation administered by an anaesthetist or supervised trainee. We defined 'sedation' as a process of care involving assessment, monitoring, airway management and the option of drug administration, regardless of the depth of sedation (from no sedation through to general anaesthesia) that was planned or achieved. We included patients having OGD, enteroscopy, endoscopic retrograde cholangiopancreatography (ERCP) and colonoscopy, with or without endoscopic intervention (e.g. biopsy, polypectomy, mucosal resection, variceal or haemorrhoidal treatment, or endoscopic ultrasound). Patients were prepared for their procedures according to individual hospital protocols. Combined procedures were recorded as one patient episode. Patients having repeat procedures at the same hospital within the study period were recorded as separate cases. Patients were excluded if endoscopy was performed in combination with an operative procedure (e.g. bowel resection or percutaneous endoscopic gastrostomy) or if a health professional other than an anaesthetist or supervised trainee administered sedation (this only applied in two of the nine hospitals).
Procedure
Patients were identified for inclusion using elective and emergency booking systems at each hospital. Data were collected by clinical and research staff from patients during clinical care and from the medical record. Each eligible patient was assigned a unique identification number and de-identified data were collected for transfer to the project office.
Baseline data included patient age, sex, BMI, ASA physical status and medications. The Charlson comorbidity index score was calculated from each patient's age and 17 comorbidities. The
Editors key points
• Gastrointenstinal endoscopy is the most commonly performed procedure under sedation in many countries.
• The authors studied a large cohort of endoscopy patients undergoing anaesthetist administered sedation.
• They studied patient risk profile, and risk factors for and incidence of significant unplanned events.
• Patients had a high risk profile, a 23% incidence of unplanned events, and a 1.2% 30 day mortality. minimum score is zero (low morbidity burden) and the maximum score is 29 (high morbidity burden). 8 9 The score was dichotomized into categories of 0-2 and !3 on the basis of previous studies. 10 11 Intra-procedure data included the procedures performed (including any intervention), procedure duration (time from the first recorded monitored variable to arrival in the postanaesthesia care unit), monitoring, airway management (the mouth guard used during upper gastrointestinal endoscopy was excluded from the definition of airway management device), use of supplemental oxygen and i.v. fluid therapy, and drug administration. The supervision of trainee anaesthetists was defined using the criteria of the Australian and New Zealand College of Anaesthetists (level 1 ¼ 1:1 supervision; level 2 ¼ 1:2 supervision; level 3 ¼ supervisor on-site; level 4 ¼ supervisor off-site but exclusively available). 12 Planned and actual post-procedure disposition was recorded (i.e. stayed in hospital overnight or went home on the day of the procedure). The time of actual hospital discharge was recorded for patients who went home on the day of the procedure only. The location of the patient on the night before the procedure (i.e. in or out of the hospital) was not collected. Significant unplanned events were defined in a procedures manual. These events were chosen because they required skilled intervention and/or had significant patient or health service implications:
1. Significant airway obstruction: requiring unplanned use of airway management device(s) 2. Significant hypoxia: oxygen saturation <90% and not responsive to sustained jaw thrust and/or increased oxygen flow 3. Significant hypotension: systolic blood pressure <90 mm Hg and requiring i.v. fluid bolus or vasopressor 4. Significant bradycardia: heart rate <55 beats min -1 and requiring chronotropic agent 5. Abandoned procedure (endoscopy-related reasons such as poor bowel preparation excluded) 6. Unplanned tracheal intubation (for any indication) 7. Advanced life support (cardiopulmonary resuscitation in cardiac arrest and related conditions) 8. Duration of post-procedure admission >2 h for patients who went home on the day of the procedure (both elective and emergency) 9. Unplanned over-night hospital admission for planned elective day patients 10. 30-day mortality, including date and cause of death
Sample size calculation
A priori we defined a significant complication as one associated with 0.1% of procedures or more. Based on a survey of participating hospitals we anticipated that about 3,000 gastrointestinal endoscopies would be performed in the participating hospitals in a 28-day period, most under the care of an anaesthetist and/ or supervised trainee. Events with a frequency of nine or more (0.3%) would have 95% confidence intervals (CI) where the lower limit was greater than 0.1%. 13 Based on published results 14 and our recent trial, 15 this sample size was thought to be sufficient for robust estimates of most intra-procedure events.
Statistical analyses
Data were cleaned and checked for accuracy. Missing values for height and weight were imputed from the mean value for patients of the same age and sex. Normality of continuous data was assessed using normal quantile-quantile plots. Normally distributed data were summarized using mean (standard deviation). Skewed data were summarized using median (interquartile range). Categorical data were summarized using number (percent). CIs for proportions of outcomes were calculated. 13 Significant unplanned events were grouped into two composite outcomes, intra-procedure events (events 1-7 as above) and all events (event 1-10 as above). Groups for comparison were elective and emergency patients. Two group comparisons were conducted using unpaired two-tailed Student's t-tests (normally distributed data), ranksum tests (skewed data), v 2 or Fisher's exact tests (categorical data) and log-rank tests (survival data).
Logistic regression was used to identify predictors of the composite of significant intraoperative unplanned events. We included pre-sedation variables only, because post-sedation variables (such as propofol dose) could vary as a result of intraoperative events and being potential causes of them. Variables with P values <0.2 in univariate analyses were included in the multivariable model. Model diagnostics included the area under the receiver operating characteristic curve, Pearson v 2 statistic and the Hosmer-Lemeshow v 2 statistic.
Cox proportional hazard modelling was used to identify predictors for 30-day mortality. Based on the low incidence of mortality associated with gastrointestinal endoscopy and the anticipated sample size of our study, we knew that the number of variables that could be used in a multivariable model was limited. We therefore confined our univariate analyses to the same pre-operative variables and entered the three variables with the smallest P values into the multivariable model. The proportional hazards assumption was assessed using negative log-log plots. We did not test for interactions. A sensitivity analysis was conducted by comparing baseline characteristics and outcomes between the two sites that triaged patients to endoscopist-or anaesthetist-sedation and the seven sites that did not. Stata 14 (Stata Corporation, College Station, TX, USA) was used for all analyses. Two-tailed P values are reported and P <0.05 was considered statistically significant.
Results
Patients were recruited between March and August 2015. A total of 2,182 cases representing 2,132 patients were included (Fig. 1) . There was no loss to follow-up. Height and weight were missing in 30 (1.4%) and 21 (1.0%) patients respectively (there were no other missing data).
Patients were aged 60 (range: 18-95) yr and 42.2% were ASA physical status III-V ( Table 1 ). The most common comorbidities were diabetes (20.3%), peptic ulcer disease (18.1%) and chronic pulmonary disease (16.3%). Eighty-three percent of patients were electives and 17% were emergencies. Emergency patients were older and had more co-morbidities than elective patients.
The most common procedures were OGD alone, colonoscopy alone and combined OGD and colonoscopy (Table 2 ). Patients were managed by an anaesthetist, without a trainee anaesthetist, in 80.5% of patients. Oxygen saturation was monitored in 100% of patients and bp was monitored in 99.5% of patients. Most (91.7%) patients were not managed with an airway device. Propofol was used in 98.5% of patients at a median dose of 200 (130-300) mg. The most common drug combinations were propofol plus opioid (fentanyl or alfentanil) and propofol plus opioid and midazolam. Only seven patients (0.3%) received no sedative drugs (Supplementary Fig. 1 ). Oxygen and i.v. fluids were administered to 96.5% and 50.7% of patients respectively. Most (82.2%) patients were discharged home after the procedure with a median post-procedure discharge time of 60 (33- (Fig. 1) . Forty-seven patients (2.2%) had at least one subsequent procedure during the study period. Emergency patients were more likely to have OGD and ERCP, more likely to be managed by an anaesthetist and trainee working together, more intensively monitored, and more likely to be managed with an airway device than elective patients. Emergency patients were more likely to receive volatile anaesthetic agents, neuromuscular blocking drugs and i.v. fluids than elective patients, and likely to have a subsequent endoscopy during the study period (Table 2) .
Significant hypotension was the most common significant unplanned event (11.8%) ( Table 3) , occurring in 14.4% of patients having colonoscopy ( plus or minus other procedures) and 7.8% of patients not having colonoscopy (P <0.001). Seven patients (0.3%) required unplanned tracheal intubation and two patients (0.1%) required advanced life support during their procedure.
Thirty-day mortality was 1.2% (95% CI: 0.8 to 1.8%) with a median time to death of 11 (0-28) days (Supplementary Fig. 2 ). All patients who died were ASA physical status III-V. Death was recorded in 16 (2.3%) patients having OGD, 2 (1.7%) patients having ERCP, 8 (0.9%) patients having colonoscopy and no patients having enteroscopy or combined procedures. The causes of death were cancer (n ¼ 8), sepsis (n ¼ 4), cardiovascular disease (n ¼ 4), liver failure (n ¼ 1) and not recorded (n ¼ 8). Only one patient died during the procedure. This patient had emergency OGD for investigation of bleeding from known inoperable oesophageal cancer. After induction of general anaesthesia and tracheal intubation, ventilation was difficult as a result of a previously undiagnosed trachea-oesophageal fistula. Resuscitation attempts were discontinued in line with the patient's not-forresuscitation status. No other death was associated with nor attributed to sedation.
Emergency patients suffered more intra-operative significant unplanned events (20.6% vs 14.4%; P ¼ 0.003) and 30-day mortality (6.0% vs 0.2%; P <0.0001) than elective patients. Time to death was not significantly different in elective and emergency patients who died (13 [0-28] days in emergency patients vs 11 [10] [11] [12] [13] [14] [15] [16] [17] [18] days in elective patients; P ¼ 0.49).
In a multivariable model a composite of significant unplanned intraoperative events was associated with increasing age, BMI <18.5 kg m À2 , ASA physical status III-V, colonoscopy and planned tracheal intubation (Table 4) . In a multivariable model 30-day mortality was associated with ASA physical status IV-V and emergency status (Table 5 ) (Supplementary Fig. 2 ).
Comparisons of baseline characteristics between the seven sites that do not triage patients between endoscopists and anaesthetists, and the two sites that do triage patients, revealed the following differences: age 59 (16) vs 62 (16) ASA physical status III 4.7% vs 8.6% (P <0.001) Charlson score 3 (2-5) vs 4 (3-7) (P <0.001). The sensitivity analysis revealed no significant differences in outcomes between the two sites that triaged patients to endoscopist-or anaesthetist-sedation and the seven sites that did not (results not shown).
Discussion
Patients presenting for gastrointestinal endoscopy under anaesthetist-managed sedation at a group of public hospitals had a high risk profile: 50% of patients were aged >60 yr, 50% had a BMI >27 kg m
À2
, 42% were ASA physical status III-V and Table 3 Outcomes. Results are presented as number (%) [95% confidence interval for %]. * One or more of significant airway obstruction, significant hypoxia, significant hypotension, significant bradycardia, abandoned procedure, unplanned tracheal intubation and advanced life support. ** All of the above plus unplanned overnight admission of electives, discharge post-procedure >2 h in home-goers and 30-day mortality 17% were emergencies. The incidence of significant unplanned events was 23.0%. Significant unplanned intraoperative events were associated with increasing age, BMI <18.5 kg m À2 , ASA physical status III-V, colonoscopy and planned tracheal intubation. Thirty-day mortality was 1.2% and was associated with ASA physical status IV-V and emergency endoscopy. This is the first study to report on the safety of sedation for gastrointestinal endoscopy managed by anaesthetists in Australia. In addition this is the first study to describe an endoscopy service where nearly all patients are managed by an anaesthetist, regardless of patient risk, type of procedure or planned depth of sedation. The study was prospectively planned and data were collected contemporaneously according to the approved protocol. Our results are generalizable to hospitals and countries with similar patients, service models and health systems. The participating hospitals are responsible for 25% of admitted episodes in our state 7 and include a variety of hospital types 6 in metropolitan and regional locations. 5 Finally our cohort represents the full range of patients presenting for the full range of elective and emergency endoscopic procedures.
Our dataset was limited to information relevant to sedation that was collected as part of routine care. We did not document the indications, findings nor complications of the procedures, nor credentials of the endoscopists. This restricted the range of covariates available for adjustment of multivariable models. It also meant that we were unable to include intraoperative variables in our intraoperative events model, as we were unable to differentiate monitoring, airway management, drugs and staffing that were planned from those that were responses to unplanned intraoperative events. We were also limited in the range of covariates for adjustment of the mortality model by the low number of deaths. Although we collected all eligible patients during the study period our sample of 2,182 was smaller than predicted by our pilot survey. This means that the results of our Cox proportional hazard modelling for 30-day mortality should be interpreted with caution.
Several types of information bias are possible, as collection was limited to information that was documented as part of routine care. Incomplete recording of co-morbidities is possible and would have resulted in underestimation of the Charlson comorbidity index score. Underestimation of mortality is possible as out-of-hospital death may not have been consistently documented. Finally bias in reporting of significant unplanned events and attribution of them to sedation is possible, as anaesthetist observers were not independent. The incidence of significant unplanned intraoperative events in this study was higher than in recent studies of propofol-based sedation for selected patients managed by anaesthetists [16] [17] [18] and other practitioners. 3 19-21 This event rate was driven by the incidence of significant hypotension (11.8%) and the potential reasons for this finding are as follows: Our study included more ASA physical status III-V patients (42% vs 11-23.5% 16-18 20 21 ) and emergency patients (17% vs 0-12.7% 3 16 18 20 21 ) than other studies. These patients are at greater risk of hypotension than other patients. 22 Propofol doses in our study were higher than in studies of endoscopist-managed sedation, 3 18-21 being consistent with recommended doses for general anaesthesia 23 and consistent with the intentions of anaesthetists in our region. 24 Previous studies reported more hypotension during deep sedation than light sedation with propofol for endoscopy. 15, 25 We defined significant hypotension as a systolic bp <90 mm Hg requiring treatment. Anaesthetists increasingly recognize the need to treat bps in this range, [26] [27] [28] [29] and this may have contributed to the numbers of patients receiving treatment. Finally we collected data prospectively and specifically for this project, whilst others retrospectively extracted data from databases. 3 16 17 19 We did not record the duration of hypotension, but notes on the case report form indicated that it was easily treated. Predictors of unplanned intraoperative events were consistent with the findings of other studies. 16 18 30 Our estimate for 30-day mortality (1.2%; 0.2% in electives and 6.0% in emergencies) may be surprising to anaesthetists, but is consistent with the acuity of patients presenting to our hospitals and reports of 30-day mortality after outpatient colonoscopy without polypectomy (0.29% 30 ) and emergency OGD for peptic ulcer bleeding (12.7% 11 ) in other studies. Predictors of death were similar. 11 30 Although unplanned tracheal intubation and advanced life support were required in a few patients, and one patient died during the procedure, no death was attributed to sedation. Importantly, more than one in 20 emergency patients had a procedure in the last month of their lives.
Hopefully our results will inform discussions with patients and their families about treatment choices during end-of-life care. Our service model of anaesthetist-managed propofol-based sedation for nearly all patients meets our requirement for flexibility in scheduling of elective and emergency patients, trainee education, rapid turnover and discharge, and high endoscopist and patient satisfaction. 20 31 32 Deep sedation meets the expectations of our patients for lack of recall 33 and unplanned events appear to be easily treated. Our study design does not allow us to assess the safety of lighter sedation nor the relationship between sedation depth and rare complications such as colonic perforation. Finally our study did not collect data about patients receiving endoscopist-managed sedation and therefore cannot shed light on comparative practices and relative outcomes. In conclusion patients presenting for gastrointestinal endoscopy under anaesthetist-managed sedation at a group of public hospitals had a high risk profile and a substantial incidence of significant unplanned intraoperative events and 30-day mortality.
